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Probabilising the consumer: Georgescu-Roegen, Marschak and Quandt on the modelling of the consumer in the 1950s

model different situations of consumers' choice behaviors [START_REF] Mcfadden | Conditional Logit Analysis of Qualitative Choice Behavior[END_REF][START_REF] Mcfadden | Economic Choices[END_REF]. This kind of probabilistic modeling of consumer's choice-which is quite different from the attempts at modeling decision under uncertaintycomes after a series of attempts at representing the individual consumer as a probabilistic consumer. The purpose of this paper is to present some such attempts by economists in the 1950s

In 1950 the pure theory of consumer's behavior could appear as the most accomplished part of economic theory. With Pareto, Slutsky, Hicks, Allen and Schultz, Samuelson and Houthakker, and still many others, it had gone through a process of refinement, generalization and axiomatization, and it could rightly be presented as the major achievement of the discipline.

Hereafter, I will refer to this whole set of contributions as representative of the ordinalist utility theory (OUT). 1 Once consumer's choice theory had acquired its full legitimacy, it was much easier to embark on a critical examination of the limits of the theory as a positive model of behavior. Such criticisms would indeed put to the fore experimental evidence that subjects do not behave accordingly with the rules of rational behavior in different choice settings, or they would simply question the psychological foundations of the theory.

Actually, [START_REF] Hicks | A Reconsideration of the Theory of Value[END_REF] achievement-an integrated presentation of demand, utility and preferences-was the starting point for a critical appraisal of the domain of validity and empirical tractability of the theory.

1 [START_REF] Samuelson | The Problem of Integrability in Utility Theory[END_REF] showed that if a consumer abides by the strong axiom of revealed preferences, then theoreticians might as well use (ordinaly conceived) utility functions or revealed preference maps to model individual rational behavior. A number of issues about integrability and correspondence between the revealed preference approach and utility theory would indeed be solved within the following twenty years. The outcome of this was Chipman et al. (1971). None of this study, however, would jeopardize the strong unity of the theory of choice.

Of course, the 'traditional' view on demand theory remained the backbone of most of the empirical work done on demand until the 1980s, stating with Henry [START_REF] Schultz | The Theory and Measurement of Demand[END_REF] masterpiece up to Deaton and Muelbauer (1980) textbook synthetizing research on demand systems.

In his celebrated article on consumer's theory, [START_REF] Georgescu Roegen | The Pure Theory of Consumer's Behavior[END_REF] would devote a long section to introducing a probabilistic model of consumer's behavior that he regarded as an improvement over the Paretian model, accounting for the consumer's hesitation or ignorance when making choices and opening to a dynamic theory of demand. Earlier on, [START_REF] Gilboy | Demand curves in theory and practice[END_REF][START_REF] Gilboy | The Leontief and Schultz Methods of Deriving 'demand curves[END_REF] had underlined that the pure static theory of choice was intractable because any statistical attempt at deriving demand curves would induce time and hence changes in the demand schedules. Also, following a more destructive purpose, [START_REF] Wallis | The Empirical Derivation of Indifference Functions[END_REF] would criticize the Paretian theory of choice for being inadequate to any empirical investigation (see Lenfant, 2012a). 2 Apart from those few challenges, no significant appraisal of the pure theory of consumer's choice would take place before the beginning of the 1950s. As Georgescu-Roegen (1950, 125) puts it: "Today, it seems that even the nonmathematical economists no longer question the results of this chapter of mathematical economics [the ordinalist view of the Paretian and Samuelson's reformulation in the Foundations] and that the conclusion that the law of demand is a uniquely defined relationship between prices and quantities is a soundly enthroned economic law".

On the contrary, the 1950s would witness a number of attempts at dealing with the imperfections of consumers as utility maximizers, which in turn led to the idea to represent their behavior through a probabilistic model (later called stochastic model of choice). This search developed partly under the impulse of a growing literature on experimental psychology dealing with the rationality of choices (Lenfant 2012b). Many experiments on individual preferences, on transitivity, on binary-choice, on learning, were carried out (Moscati, 2007), and some psychologists and economists were involved in collaborative projects to study individual behavior (see [START_REF] Heukelom | Behavioral Economics: A History[END_REF].

More, the nascent field of behavioral economics-actually the application to decision and choice models of the methods of experimental psychologywas fostered by experimental work on the expected utility maximization hypothesis that had been advanced by von Neumman and Morgenstern (1944).

Compared with the abstract and deterministic model of consumer's behavior, which was not easily connected with experimentation-also in its revealed preference form-, expected-utility seemed to be much more amenable to experimentation in a laboratory environment and thus led to experimental work and theoretical discussion (notably [START_REF] Friedman | The Utility Analysis of Choices Involving Risk[END_REF], [START_REF] Marschak | Rational Behavior, Uncertain Prospects, and Measurable Utility[END_REF], [START_REF] Mosteller | An experimental Measurement of Utility[END_REF], [START_REF] Friedman | The Expected-Utility Hypothesis and the Measurability of Utility[END_REF], [START_REF] Edwards | Probability Preferences in Gambling[END_REF]). To some economists, the main advantage of expected utility theory was to convey a measurable concept of utility, and the question was floating in the air about the overall unity of the different representations of individuals' rationality and how far the quest for a utilitarian view on economic motives and evaluations was to prevail on the understanding of market behaviors.

It is our thesis that, in many respects the different attempts at probabilizing the consumer in the 1950s can be seen as attempts to address the questions of the foundations of the theory of rational choice, its grounding in fairly descriptive psychological assumptions, its connections with choice among uncertain prospects. This period of transformations did not result in the setting up of a new standard in the modeling of rational choice; however, it contributed to extending the domain of applicability of the theory of the consumer.

The purpose of the present study is to provide a general view on different attempts by economists at formulating a probabilistic version of individual choice in a non-risky environment, focusing on the contributions of Georgescu-Roegen, Marschak and Quandt. 3 The probabilistic choice theories discussed in this paper are not expected utility theory and are often presented as an alternative to it; they are theories in the tradition of riskless choice while at the same time involving probabilistic concepts in some way, and they are viewed as improving the theory both conceptually and operationnaly.

The comparison between different models of probabilistic choice will be linked with the general contextual background. Broadly, the claim is that the background as we see it opens up to different strategies for modeling choice.

On the one hand, there is the internal constraint for thinking about rational behavior within a unified theory, connecting choice theory and decision 3 It is a complex story and we do not pretend to deal in depth with many issues that would deserve a separate investigation, such as the links with experimental psychology or the internal debates about the meaning of the axiomatics of expected utility. On both topics, see Moscati (2007), Lenfant (2012b), [START_REF] Heukelom | Behavioral Economics: A History[END_REF] and [START_REF] Moscati | How Economists Came to Accept Expected Utility Theory: The Case of Samuelson and Savage[END_REF]. It deals also with the disruptive effect of expected utility theory (EUT), which was seen by some economists as challenging the standard model of choice, calling for a generic view on rational behavior. Section 2 will focus on the growing influence of experimental psychology of choice and decision on economists (2. Towards psychological foundations of probabilistic choice).

Even if it was limited to a small arena of skilled mathematical economists and behavioral scientists, it provided a set of concepts and ideas that were to be applied, under different guise, to the probabilistic theory of choice. The rest of the article presents three alternative models of probabilistic choice.

Section 3 presents Georgescu-Roegen's main model of probabilistic choice [START_REF] Georgescu-Roegen | Threshold in Choice and the Theory of Demand[END_REF] and relates it to other writings by the same author (3. Georgescu-Roegen's axiomatics of the threshold in choice). Notably, we show that Georgescu-Roegen's analysis mixes a psychological foundation of choice with an axiomatic approach. Section 3 deals with Marschak's axiomatics of binary choices (4. Marschak's binary-choice model). It is argued that Marschak's agenda is to explore the possibility to arrive at some cardinalist representation of utility. Section 5 deals with Quandt's contribution to the issue, which is conceived of as a set of operational models of choice and demand (5. Quandt's models of probabilistic consumer). Section 6 concludes (6. Concluding comments).4 

Challenging OUT from inside

The accomplishment of ordinalism in demand theory culminated with the [START_REF] Hicks | A Reconsideration of the Theory of Value[END_REF] assertion that the whole theory of economic behavior should be derived from the knowledge of indifference curves. As Georgescu-Roegen (1958) would make clear, the idea to rely on indifference curves rather than to begin directly with statistical demand curves is mainly that on the basis of the hypothesis of rational agents (non intersecting convex to the origin indifference curves) a complete set of demand curves can be derived from a reasonable amount of information about indifference. The debate on the most satisfying set of assumptions in order to derive indifference curves was then on the tracks when Samuelson set up the revealed preference approach (Samuelson, 1938). In the meantime, between 1934 and the completion of Samuelson's program (Houthakker (1950), [START_REF] Samuelson | The Problem of Integrability in Utility Theory[END_REF]) some arguments were already leveled out against OUT. 5Firstly, a number of internal critics would challenge the coherence of the theory and the set of hypotheses on which it is grounded, pointing out the need for more satisfactory psychological foundations. Secondly, EUT provided a model of rational behavior that triggered some reflections on the relative merits of each model (OUT vs EUT), fostering a search for a general axiomatics of choice encompassing the risky and the riskless models as specific cases.

Challenges to the internal consistency and operationality of OUT.

In the 1930s, and especially after [START_REF] Hicks | A Reconsideration of the Theory of Value[END_REF] joint paper, the theory of choice was still a subject of debates, even though it was undoubtedly the starting point for the formation of an orthodox theory of choice and demand. A careful reader could identify that the two parts of their paper were indicating two different ways to look at the foundations of the theory of choice, Allen voicing his preference for the non-integrable case while Hicks would clearly favor the integrable case [START_REF] Hands | Intergability, Rationalizability, and Path-Dependency in the History of Demand Theory[END_REF][START_REF] Hands | Back to the Ordinalist Revolution: Behavioral Economic Concerns in Early Modern Consumer Choice Theory[END_REF][START_REF] Chipman | Slutsky's 1915 Article: How It Came to be Found and Interpreted[END_REF]. Also, the idea that economists should get rid of a measurable concept of utility was not easily accepted. Actually, in the 1930s economists had not inquired extensively the relationship between utility and preferences. The preference-indifference approach was usually associated with the acceptance that utility is not a measurable magnitude. Frisch's ventures into the subject remained rather isolated but showed also that a complete axiomatics of preferences needed completion (Frisch, 1926 and 1932). 6 Among the notable contributions to the pure theory of the consumer, [START_REF] Georgescu Roegen | The Pure Theory of Consumer's Behavior[END_REF] was the first to address in depth the issue of integrability and to relate its economic meaning with the issue of transitivity of the indifferencepreference relation. As a second step in his inquiry, he explored the case when a consumer is unable to tell at once which of two stimulus is the greatest, thus showing an area of doubt when asked to choose between two alternatives: a psychological threshold. To model such a situation, he introduces the probability p(x,y) that a stimulus x be considered greater than y when the agent is presented several times a choice between x and y (Georgescu-Roegen, 1936, 569).

Interestingly, Georgescu-Roegen's grounds this probabilistic presentation in psychologists' notion of least perceptible differences, which had been introduced into American psychological research by [START_REF] Fullerton | On the Perception of Small Differences[END_REF]. To Georgescu-Roegen, only if the consumer was allowed an extensive time to select goods would the static theory apply as a limit case. 7 Georgescu-Roegen did not explicitly define preference for x over y as p(x,y)> ½, even though it is implicit in his reasoning. Georgescu-Roegen's innovative treatment of the theory of the consumer 6 The analytical examination of the conditions under which a system of axioms about the structure of individual preferences could be represented through a utility function was not addressed before [START_REF] Wold | A Synthesis of Pure Demand Analysis. I, II, III[END_REF]Wold's /1944 synthesis of demand theory, whose diffusion was rather confidential. It remained uncompleted until [START_REF] Debreu | Representation of a preference ordering by a numerical function[END_REF], who gave sufficient conditions for representing a system of preferences with a real-valued utility function. 7 In view of Georgescu-Roegen's later considerations on time (Bobulescu, 2017) in economics, which were to be central to his abandoning of the neoclassical framework, the 1936 paper lays the foundations for an opposition between a static modeling of choice against a dynamic one.

was quite ignored and almost never mentioned before 1950. It seems that no economist in this period ventured to discuss the concepts of utility or preference as expressed through a probabilistic treatment of the consumer's behavior. [START_REF] Armstrong | The Determinateness of the utility Function[END_REF], for instance, tried to erect a destructive criticism of the theory of utility held by the Lausanne school upon the principle that the consumer exhibits intransitive indifference. The reason for this, he said, stems from our inability to make accurate judgments about our want-satisfaction estimates. However, he did not even consider that those inaccuracies should be treated as a probabilistic variable. 8 He does not seem aware that the construction of utility makes sense through repetition of similar choice situations.

An older and more trivial trend of criticisms stresses that the utility function (and the underlying preferences) is highly unstable over time. This objection has been addressed to the theory on many occasions and from many different traditions of analysis. It is common in the Chicago tradition: [START_REF] Wallis | The Empirical Derivation of Indifference Functions[END_REF] or [START_REF] Stigler | Review of P. A. Samuelson's Foundations of Economic Analysis[END_REF] tended to consider that tastes' variability is the Achille's heel of the pure theory of the consumer. This idea will come back in the 1950s mainly from the psychologists' side. 9

Even Georgescu-Roegen, coming back on his earlier work, would judge that: 8 See especially Armstrong (1939, 462 and sq). 9 From Katona (1953, 313), we are inclined to think that every psychologist would contest the very idea of a given preference pattern before choice: "Any contradiction of a theorem derived from utility theory can always be attributed to a change of tastes, rather than to an error in the postulates or logic of the theory" (Katona, 1953, 313). More generally, it is a fact that preferences is not a concept of psychological theory. It was imported only to psychology in the 1950s.

"The usual attitude adopted by different writers on the subject, including the author, was to investigate, as a next step, the shape of the indifference varieties. But on second thought, this appears to be rather a rash logical procedure. For the above postulate cannot be transformed into a useful theoretical tool without further qualifications" (Georgescu-Roegen, 1950, 126) In the 1950s, the idea to build an operational model of choice by taking account of consumers' hesitations or discriminal limits would be more common in some works done at the boundary of decision theory and psychology.

Expected utility theory enters the scene.

The interest for alternative models of riskless choice in the 1950s is not independent from the debates that followed Von Neumann and Morgenstern's Theory of games and economic behavior (1944) and their axiomatization of choice among risky prospects, namely Expected Utility Theory (EUT).

From the reading of the comments and reactions of economists working in the field of demand theory and welfare analysis-independently of criticisms by eminent economists such as Samuelson, Wold, Malinvaud-EUT aroused a number of questions on the relationships between choice under uncertainty and choice among sure outcomes: Is EUT a broader model of choice from which the theory of choice between sure prospects is just a limit case? Or else, are both theories to be taken as complementary models of choice, depending upon a common mathematical structure? Should we modify the traditional theory of choice in order to introduce more structure into it and implement some sort of utility measurement, thus putting both theories on an equal footing?

It is beyond the hopes of this article to disentangle all the intricacies of the literature of this period (circa 1945-1960), which testimonies a burgeoning of models of choice and utility [START_REF] Houthakker | The present state of Consumption Theory[END_REF]. Our more modest task is to identify to what extent a probabilistic model of choice could be seen as a possible extension of the traditional theory of choice, addressing some issues about the relationships between OUT and EUT.

The expected utility hypothesis shows that on the basis of a series of axioms on the ordering of lotteries (uncertain outcomes or consequences), the individual's preferences over lotteries can be represented by a utility function, which has an expected utility form. As a consequence of the axioms of the theory (axioms about preferences over related lotteries), the preferences of individuals over uncertain prospects can be represented by linear utility functions in the probabilities. Of course, any positive transformation of such utility functions will represent the same preferences (Arrow, 1951c, 10).

A brief reminder of the axiom of independence will prove fruitful to make a comparison with the probabilistic theory of choice. Indeed, the qualitative difference between the expected utility function and any order-preserving utility function stems from the fact that EUT assumes some mathematical structure upon uncertain alternatives. In addition to the continuity axiom (a small change in probabilities does not change the preference ordering between lotteries, ruling out lexicographic orderings), the axiom of central importance is the axiom of independence. A preference relation on the space of lotteries L satisfies the independence axiom if a mixture of each lottery with a third one does not change the preference ordering.

The central importance of the independence axiom in EUT has been much debated by the end of the 1940s and the beginning of 1950s (Samuelson, 1952;Malinvaud, 1952;[START_REF] Wold | Ordinal preferences or Cardinal Uitlity[END_REF][START_REF] Georgescu-Roegen | Choices, Expectations and Measurability[END_REF]see Moscati, 2016). In OUT, the preference pattern is defined over a set of alternatives (the consumption set) for a given context of choice and consumption, i.e. some other quantities of goods consumed are given and assumed not to change for the consumer. Otherwise, the whole set of indifference curves might change (except for those goods that are independent from the one under consideration). On the contrary, EUT assumes that the set of other lotteries (or other possible outcomes) does not affect individual's preferences. This is certainly more than an anecdotal difference between both theories. Thus we may wonder whether the development of a probabilistic theory of choice will be affect this qualitative difference, allowing different contexts of choice for the consumer to be merged into one single representation of tastes. Some economists would reflect on the relative merits of OUT and EUT. The main idea is that uncertainty is a pervading phenomenon. Arrow (1951a), for instance, notes that: "it is no exaggeration to say that every choice made by human beings would meet this description [that consequences are unknown] if attention were paid to the ultimate implications" (Arrow, 1951a, 404). Nevertheless, it seems that some theorists have seized the opportunity given to them by EUT to throw away the traditional setting. To Alchian (1953, 34) "even the act of purchasing a loaf of bread has an element of uncertainty". Even more dramatic, Armstrong seems to beleive that the coming out of EUT is giving the last blow on OUT : "A theory that irretrievably breaks down when even a trace of uncertainty is present is not even serviceable as a preliminary hypothesis" (Armstrong, 1948, 1). Unfaithful criticisms kept apart, it is clear that the hypothesis of absolute certainty of outcomes seems to be uncomfortable, and it is felt that some source of contingency might fruitfully be introduced into the model.

Uncertainty might be not a characteristic of the external world but a consequence of our inability to take account, all-at-once, of all characteristics and circumstances of choice, or of the facts that choices are done within different contexts. This way of extending the conventional model of choice goes along a trend of criticism from experimental psychologists in the 1940s and 1950s. 10 Before to look at the influence of psychologists on the understanding of alternative models of choice in economics, a general comment is necessary. On the one hand, EUT could appear as having the advantage to generate more precise preference schemes, with potentially important effects for welfare analysis. On the other hand, EUT does not generate a demand theory to the degree that OUT does. There is no equivalent to Slutsky symmetry, homogeneity, income and substitution effects.

Here, we must consider that the confrontation of both theories leads us back to a more fundamental issue about what should the basic foundations of economics do, and not solely on what they should be. The question was revived by Friedman's 1953 essay on positive economics. If one considers that economics is first a science that studies market coordination and that rational behaviors proceed from different 10 An indirect effect, maybe, of the comparison induced by some economists between OUT and EUT is a way of presenting consumer's theory as a generic model of rational choice adapted to every situation of choice. Alchian (1953, 32) for instance, argues that the model should deal with not only with marketable commodities but also with patterns of actions (a trip to Europe, getting married). Neither Pareto nor Hicks did entrust consumer's theory with such a purpose (see Lenfant, 2012a). This inflection was probably already on the way in the Chicago style of reasoning, but it was probably strengthen on this occasion. market structures, then economists should have at their disposal a theory of choice that provides a pattern of analytical statements about demand behavior. If instead one considers that economics consists in applying a general principle of rational choice to a variety of situations and to compare the welfare properties of different situations, then having a general theory of rational choice (and of welfare) is of primary importance. Consequently, the relative importance of OUT compared with EUT is a matter of personal agenda. Certainly Georgescu-Roegen, in addition to his desire to ground choice theory on a more realistic psychological background also wanted to preserve some of the implications of OUT. On the contrary, Marschak could be seen as someone who puts to the forefront individual choice and utility measurement. Whatever the personal interpretation of such or such economist, those interested in choice and decision theory in the 1950s could consider that probabilistic models of choice would help comparing both theories. Houthakker's statement in his 1961 survey offers a good synthesis of the stakes, making probabilistic choice theory a general-purpose device:

"It may be useful to point out that the traditional theory of consumer's choice is not, as is often believed, a theory based on the assumption of certainty. What is assumed is that an individual can rank all objects available to him in order of desirability. Whether the results of obtaining these objects are certain or not is irrelevant, and in principle the classical theory applies just as well to lottery tickets as to any other object. What the new approach just referred to does contribute is a systematic analysis of probabilistic aspects on the formation of preferences. Such an analysis may no doubt be useful in contexts other than that of consumption." (Houthakker, 1961, 725) 11 11 Interestingly, [START_REF] Houthakker | The present state of Consumption Theory[END_REF] underlines the relationship between the theory of risky decisions and the probabilistic extension of OUT:

Towards psychological foundations of probabilistic choice

The purpose of this section is to put together a list of arguments scattered through economic literature, that have been raised in favor of a modification of the theory of choice. Some open naturally to a probabilistic reformulation of the theory. Even if many arguments raised in favor of a probabilistic model of choice are borrowed from the work of psychologists, it is done, most often, without references to specific results in psychology. Some of the concepts or ideas borrowed from psychology manifestly overlap or will appear redundant. As it is, it displays an intensive collective interest for implementing better psychological foundations in the theory of choice, among authors who were not following exactly the same agenda. Peculiar attention will be given to Georgescu-Roegen, Quandt and Marschak in order to point out there overall attitude towards set of experimental evidences, psychological concepts and mechanisms at their disposal.

Psychologists have played an important role in shaping the development of a probabilistic theory of choice. In the late 1940s, the interest of psychologists for decision theory and then for the theory of choice was fostered by a number of experiments aimed at testing properties of rational choice theories. 12 The most wellknown work in this respect is Mosteller and Nogee's experiment on EUT [START_REF] Mosteller | An experimental Measurement of Utility[END_REF], which was instrumental in calling attention of some economists to the methods of psychologists in the field of choice analysis and showed how EUT 12 Meanwhile, the revealed preference approach reinforced the emphasis on observable data, "gradually transforming utility to an essential component of empirical research." (Houthakker, 1961, 713).

was amenable to test (Moscati, 2007). Of course, we are not suggesting that economists were suddenly converted to EUT because of some experimental work on it. Although total quantity of experimental research is very small compared to recent years, it was an important and growing literature. This set of literature is the starting point for the penetration of psychological arguments into the methodology of choice and decision theory into economics, and some economists have been collaborating with psychologists and behavioral scientists in this period (R. L. [START_REF] Davis | Introduction to 'Decision Processes[END_REF][START_REF] Edwards | The Theory of Decision Making[END_REF]Moscati, 2007 and[START_REF] Heukelom | Behavioral Economics: A History[END_REF]. 13 There has been also, through interactions between psychologists and economists, a progressive acceptance of experimental work in the field of the theory of choice (Arrow, 1958). In this context, economists interested in the theory of choice became permeable to the idea of treating consumer's choice as probabilistic data. In the 1950s, psychologists were familiar with implementing some kind of probabilistic treatment on the experimental data. In the 1920s, Thurstone had devised a method, The Law of Comparative Judgment, to deal with subjects imperfect discriminal capacities [START_REF] Thurstone | A law of comparative judgment[END_REF][START_REF] Gigerenzer | Survival of the Fittest Probabilist: Brunswik, Thurstone, and the Two Disciplines of Psychology[END_REF]. By the end of the 1940s, when some psychologists began working on the theory of rational behavior, they came in also with a toolbox of concepts and practices about measurement, scaling, perception of small differences, levels of aspiration that were to be applied to rational choice theories, and they did not assume that agents had a capacity to manifest coherently a set of indifference curves. 13 One can mention a short list of scholars that would participate actively in the theory of choice and decision in economics within the period (circa 1945-1960) and that eventually contributed to the anchoring of experimental psychology and mathematical psychology at economic theory: Edwards, Katona, Mosteller, Coombs, Davidson, Davis, Estes, Lewin, Siegel, Simon, Stevens, Suppes, Luce. In their experimental analysis, [START_REF] Mosteller | An experimental Measurement of Utility[END_REF] treat subjects' answers as probabilities, and a number of other experiments would use a similar standard methods. Thus, from the standards of experimental psychology, the theory of risky and non-risky choices needed to be interpreted as a probabilistic model. For instance, [START_REF] Davidson | Decision Making. An Experimental Approach[END_REF] point out that:14 "Most models for theories of decision are naturally interpreted as dealing with preference and indifference, while the protocols provided by behavioristic experiments concern decisions. Choices are particular responses with a date; preference and indifference are rather dispositions which characterize an organism over a span of time. This raises the question how choices are to be related to preference and indifference." (Davidson, Suppes and Siegel, 1957, 16) Now, this probabilistic model of choice could be linked with different views as to the kind of significant contextual influences to be taken into account in the modeling strategy. A first theme of inquiry is that of transitivity. Probably the first explicit definition of probabilistic preference is that of [START_REF] Papandreou | An experimental Test of an Axiom in the Theory of choice[END_REF]1957) and [START_REF] Papandreou | A Test of a Stochastic Theory of Choice[END_REF] (see Moscati, 2007, 383-384). It was conceived from the outset as a test of a probabilistic interpretation of choice among sure prospects.

Instead of testing an al-at-once property of transitivity, the test is on the probabilistic statement that p(x,y)>1/2 and p(y,z)≥1/2 implies p(x,z)>p (y,z). 15 This theme is echoed in various works in economics [START_REF] Georgescu Roegen | The Pure Theory of Consumer's Behavior[END_REF], 1950, 1958), [START_REF] Marschak | Norms and Habits of Decision Making Under Certainty[END_REF]) who provided different definitions. A second theme of inquiry at the juncture between the pure theory of choice and experimental psychology deals with the role of learning in the temporal process of choice. The distinction seems to be necessary for a situational definition of rationality. The hypothesis that individuals are able to order once and for all the set of possible alternatives to which they might be confronted is said to be contradictory with the principle of selectivity of human behavior (see Katona, 1953, 311). An implication of learning processes for any psychologist is that subjects are likely to change their representation of preferences and also to adopt some kinds of information gathering behavior. This theme is present in Georgescu-Roegen's work and in [START_REF] Quandt | A Probabilistic Theory of Consumer Behavior[END_REF] . A third and connected theme of inquiry is that of levels of aspiration. They may affect the determination of preferences more than the definition of indifference. The concept captures the idea that in a decision context, individuals tend to define for themselves the goal that they will try to achieve. Individuals' preferences cannot be established as long as levels of aspiration determining the goals to be achieved have not been stabilized. The preference relation between two prospects A and B cannot give us any indication about the future behavior of a subject if "at different times A and B are seen in different contexts-because of changed external conditions or the acquisition of new experiences-we may have to distinguish among several dimensions" (Katona, 1953, 316). This idea of a contextual analysis of economic accordance with the definition of probabilistic transitivity. Actually, Moscati (2007) points that no statistical test for rejecting the null hypothesis could be carried out.

behavior will surface in [START_REF] Quandt | A Probabilistic Theory of Consumer Behavior[END_REF]. Those different themes are dealt with by Georgescu-Roegen, Marshcak and Quandt through various psychological notions.

Sensorial threshold and hesitation

The sensorial threshold refers to the fact that human beings are not perfectly able to discriminate stimuli that differ only to a very slight degree, and it was introduced in psychology by Fechner and further developed along the tradition of psychophysics, notably with Fullerton and Cattel (1892) and later on with Thurstone (see Lenfant, 2012b). In economics, it is said that Pareto alludes to the threshold on some occasion, but its first serious introduction is to be found in Georgescu-Roegen (1936) (who new it from Fullerton and Cattell), who would develop upon this idea in the 1950s [START_REF] Georgescu-Roegen | The Constancy of Choice and the Constancy of Economic Laws[END_REF]1958). 16 The gist of the idea is that there is an area in which the consumer is not able to assert which of two stimuli is the greatest. He may hesitate. But physical 16 On this topic, we must mention Duncan Luce, a very influential mathematical psychologist, who repeatedly came on the subject of discriminatory power, that he linked with the Fechnerian tradition of psychophysics (see especially Luce, 1959b andLuce and[START_REF] Luce | Derivation of Subjective scales from just noticeable differences[END_REF]. We cannot discriminate adjacent weights, for instance, and nevertheless, we can differentiate a greater difference. Intransitivity thus "reflects the inability of an instrument to discriminate relatively to an imposed discrimination task" (Luce, 1956, 179; see also Luce (1959, 145-146)). Indeed, following the idea that individuals do have an imperfect power of discrimination (represented through the notion of just noticeable differences), a specific kind of scaling of individual preferences could be obtained through an adequate set of constraints on the probability to choose one element in a set of alternatives. A few words are in order concerning Luce's contributions to the field of probabilistic choice [START_REF] Luce | Semiorders and a Theory of Utility Discrimination[END_REF][START_REF] Luce | A probabilistic theory of utility[END_REF][START_REF] Luce | [END_REF][START_REF] Luce | Derivation of Subjective scales from just noticeable differences[END_REF]. We have decided not to devote a full section on Luce since his contributions, important as they are for the subject at hand, are not oriented towards a reformulation and extension of the traditional model of choice and are motivated by psychological concerns (notably measurement issues). Nevertheless, Luce's work is of course at the core of the ferment of ideas of the 1950's and he contributed much to the import of concepts and methods of psychology into economics. For a presentation of Luce model (especially the axiom of choice) and a discussion within the history of random utility, see De [START_REF] Palma | Les modèles de choix discrets[END_REF] and Lenfant (2012b).

scales of measurement can help us to make choices when sensorial scales are hopeless. In a sense, Georgescu-Roegen (1936) indicated a potential effect of the threshold in categorizing goods according to the effective sensibility to the threshold in choice, that is, to the degree of potential indifference between bundles. In the case of staple commodities, for instance, "that are more regularly consumed and consequently experimented with longer" (Georgescu-Roegen, 1936, 587), the preferences are not liable to significant changes, thus the influence of salesmen in those goods is small. The more the consumer is allowed to have time to experience with goods, the more his threshold will shrink. As far as we know, Georgescu-Roegen (1936,569) is the first to point out that hesitation is an observational parameter that the theory might take into account.

Ignorance and learning

The idea that the agent will gain information and learn what are the best choices in different situations is commonplace, even though it is not always the main argument for deriving a probabilistic model. This process can start from a situation of ignorance. It plays a significant role in [START_REF] Quandt | A Probabilistic Theory of Consumer Behavior[END_REF]. It does mean that at a certain moment of time, the consumer is "incapable of stating whether he prefers A to B or B to A or whether he is indifferent between them" (Quandt, 1956, 509). Actually, ignorance can be only a provisional state of mind. If learning implies that the final mapping of indifference will depend upon the experience of the individual, there is then an element of "irreversibility" in consumption behavior. [START_REF] Duesenberry | Income, Employment and Public Policy, in Honor of Alvin Hansen. Edwards, Ward[END_REF] and [START_REF] Modigliani | Fluctuations in the Saving-Income Ratio: A Problem in Economic Forecasting[END_REF] had identified an irreversibility of this kind. Georgescu-Roegen (1950) would also advocate for introducing an hereditary component in a dynamic theory of choice that would stem from all the internal changes due to our own experience. Otherwise, "you just have to represent a completely static economic world, but then you do not need indifference curves, no more than supply and demand curves" (Georgescu-Roegen, 1950, 128). 17 A random behavior can stem from the agent's acquaintance with the fact that through a mixed strategy, he can obtain an intermediate bundle in the mean or that ignorance of his true preferences leads to a randomization of his choice. This argument is to be found in [START_REF] Marschak | Norms and Habits of Decision Making Under Certainty[END_REF] and Quandt (1956, 510): "The desire for variety may well be part of the consumer's 'tastes'". 18 Multiple characteristics of goods.

In another experiment on intransitive choices, May (1954, 8) pointed out that commonly "the alternatives of interest to the economist are typically commodity bundles, i.e. vectors whose components are quantities of goods and services of various kinds. Even an individual commodity is really a vector of its specifications and other attributes such as its price". This idea would spread in the literature: It is mentioned in Simon (1955, 108) and it would become a central argument in the probabilistic model of choice developed by [START_REF] Quandt | A Probabilistic Theory of Consumer Behavior[END_REF]. Actually, Quandt builds his model of probabilistic choice upon the idea that the set of characteristics to be 17 [START_REF] Georgescu-Roegen | The Constancy of Choice and the Constancy of Economic Laws[END_REF] tries to provide a model for constructing indifference curves when the consumer takes account of past experience. Among other scholars, Luce (1959b) would again discuss the influence of learning in relation with the axiom of choice. Learning is also a central theme of [START_REF] Simon | A Behavioral Model of Rational Choice[END_REF] reconstruction of the theory of rational behavior. 18 A related issue is whether what is called random behavior is a conscious strategy of the agent or if it is a projected interpretation of the theoretician. It will always be difficult to disentangle conscious random behavior from errors of choice on the part of the consumer, and from errors in the experimental setting. considered is changing from time to time, according to external circumstances. This may explain intransitive behavior, and more fundamentally, the strategy of the consumer in relation to the cost of acquiring knowledge.

All in all, we are now in a position to come to the presentation and discussion of three models of a probabilistic consumer. Mainly, one of the stakes is clearly to be able to derive a testable model, even though this is certainly not the only objective.

As Simon would put it: "Although the (probabilistic) theory weakens the requirements of consistency in preference, it is empirically testable, at least in principle. Conceptually, it provides a more plausible interpretation of the notion of 'indifference' than does the classical theory" (Simon, 1959, 261-262) 

Georgescu-Roegen and the axiomatics of the threshold in choice

Georgescu-Roegen has constantly questioned the theory of consumer's choice since his contributions to the debate on integrability [START_REF] Georgescu-Roegen | Note on a Proposition of Pareto[END_REF][START_REF] Georgescu Roegen | The Pure Theory of Consumer's Behavior[END_REF] until the end of the 1950's [START_REF] Georgescu-Roegen | The Constancy of Choice and the Constancy of Economic Laws[END_REF], 1954, 1958). He already tackled a probabilistic approach to demand in Georgescu-Roegen (1936) and came back on the subject once again in Georgescu-Roegen (1958). In the present study, for reasons of comparability, I will refer to the 1958 model (an axiomatized presentation of the model of 1936) and refer to other articles for introductory and supplementary comments.

His interest for the theory of choice is clearly motivated: "The raison d'être of the theory of choice as a chapter of economics is above all the simplification it brings to the theory of demand. … The indifference map is not only the simpler but of the simplest type possible: the curves do not intersect and, what is more, all display the same shape-uniformity. … Thus, because of the simple structure of the indifference map, considerably fewer observations are needed to obtain an approximate drawing of this map by experiment than would be necessary for the map of all demand curves." (Georgescu-Roegen, 1958,157).

Georgescu-Roegen would always link the improvement of the model with a search for a better empirical imprint: "What we aim at is a theory molded on a type of individual that really exists and not on a 'necessary and sufficient' one" (Georgescu-Roegen, 1936, 585). The main outcome of the 1936 article is that introducing a probabilistic model of choice leads, somewhat not unexpectedly, to a "demand penumbra", that is a stochastic distribution of choices associated to each price.

The main flaw of the pure theory of choice, as Georgescu-Roegen sees it, lies in the question of integrability, and more precisely, in the importance of the property of transitivity which turns out to be the most important for the economic meaning of the concept. From a methodological point of view, Georgescu-Roegen subscribes to the idea that introspection is a necessary step in the development of the theory of choice, since actual experiment cannot easily be carried out. He advocates that the theoretician shall state explicitly the mental experiments, linked with the nature of indifference, that go "beyond the usual degree of accuracy of our measurements" (Georgescu-Roegen, 1936, 547, fn3). Otherwise stated, we can reasonably read Georgescu-Roegen's venture in the field of choice theory as an attempt to make explicit the set of assumptions necessary for an operational definition of indifference curves. 19 Particularly, the 1958 article provides an axiomatic presentation of the system of preference attached to the principle of a threshold in choice and clarifies the proper role of the sensorial threshold in the model.

Actually, the consumer can rely on two complementary systems of information to compare bundles (i.e. stimuli), which are kept separate from each other. On the one hand, there is a psychological information, associated to the sensorial abilities of the agent; on the other hand, there is a physical information, involving some cognitive process and, associated to it, some objective measurement of the qualities of the different alternatives. This second, physical, scale of measurement is very important since very often, choices are made on the basis of this scale only: "The individual's behavior appears therefore as a resultant of two different types of measurement: a physical one, which is supposed to tell him the exact amounts of commodities and a psychological one, which is his possibility of comparing satisfactions. The fact that these two kinds of measurements are both involved in the present scheme constitutes an important point in the problem." (Georgescu-Roegen, 1936, 572, fn6) In the following, p(A, B) is the probability that A be chosen over B as the result of a binary choice between two points A(a 1 ,a 2 ,…a n ) and B(b 1 ,b 2 ,…b n ). The following terminology (and notations) will be used:

19 "We can arrive in this way at the formulation of a necessary and sufficient set of assumptions for handling the problem, and thus obtain a kind of measure of the extent to which our mental experiment may diverge from a similar actual investigation. For maintaining further this parallelism between the mental and actual experiment, the formulation of our postulates in such a way as to outline in a straightforward fashion the corresponding physical investigation is undoubtedly the most advisable procedure." (Georgescu-Roegen, 1936, 546-547).

Strong preference

AΠB if p(A, B)

= 1 Preference APB ifp(A, B) > 1 2 Weak Preference Aπ B if p(A, B) = p ≥ 1 2 Complete Indifference AIB if p(A, B) = 1 2 Indifference AiB if p(A, B) ≠ 0,1
Broadly, the reader might consider that the terminology is designed to avoid any discontinuity in the description of the probabilistic model. The axioms of the binarychoice theory are as follows.

Axiom GR1: The result of a binary choice between two points A(a 1 , a 2 ,.. 

p(A, B) + p(B, A) = 1

Axiom GR2: If A ≥ B in the sense that at least one component of A is greater and none is smaller, then AΠB (strong preference) . This is a fundamental axiom in the threshold model, expressing the "threshold in choice" as something different from the "sensorial threshold". It means that "a rational individual will always choose A if A ≥ B, however small the difference A-B." (Georgescu-Roegen, 1958, 159) Otherwise stated, strong preference is not solely the result of the consumer's senses: It can result also from "outside scales" (Georgescu-Roegen, 1958, 159). 20As we understand it-given that Georgescu-Roegen's line of thought is windingthe gist of the argument may be summarized as follows. Our choices are not only the result of sensorial knowledge (such knowledge should indeed suppose some kind of memory and familiarity with the objects and quantities consumed) but also the result of what we may call a cognitive knowledge (i.e. the conscious knowledge that some physical characteristic is greater in A than in B "in a world where quantities exchanged are determined with the aid of physical instruments"). It seems to us that this can be linked with the kind of knowledge that experimental psychology added to economics in the 1940s and 1950s. Even if this assumption is specific to the model of the threshold in choice, everything happens as if the sensorial order had become of secondary importance in a world where most of our actions are embedded into physical measuring scales. 21 Axiom GR3: The function p(X, A) is continuous in X, except for X=A, where it can have any value in the closed interval (0,1) (Georgescu-Roegen, 1958, 160). The difference with Luce's model now appears more clearly. In Luce's model, the threshold in choice is defined as a sensorial threshold only. Georgescu-Roegen (1958, 160) indicates also that Luce's axiomatics of preference is intrinsically discontinuous, whereas the threshold model is inherently stochastic. 22 We may wonder whether this axiom is still compatible with the idea to develop a pure binarychoice model. It implies some structure upon the preference pattern implying three goods. It seems that there is some similarity between this axiom and the WARP.

"This axiom extends to the threshold in choice a characteristic property of the sensorial threshold: the individual responds to the smallest increase in the difference between two stimuli by an increase in the frequency of right guesses, excepting the case where the difference is such that he always guesses right." (Georgescu-Roegen, 1958, 160).

And he adds: p(X,C) is monotonically increasing except when equal to 0 or 1.

Axiom GR5: If p(A, B) = p(B,C) = p ≥ 1 2 then p(A,C) ≥ p
. It is an axiom of "pseudo-transitivity". The main motivation for this axiom is to avoid passing directly from weak to strong preference, because it would be "in violent contradiction with the very essence of threshold" (Georgescu-Roegen, 1958, 160).

Axiom GR6: If C = λA + (1 -λ)B with 0 > λ > 1 then p(A, B) ≤ p(C, B)
In -Roegen, 1958, 162, theorem 5).

Theorem GR3: Any triplet A, B, C satisfies the inequalities:

(2)

1 ≤ p(A, B) + p(B,C) + p(C, A) ≤ 2
As an illustration of the main purpose of the article, Georgescu-Roegen shows that in a two-good case, it is possible to associate to any commodity A in the plan a threshold area delimited by two curves joining in A, such that if B belongs to this area (so that AiB and BiA), transitivity is not implied (one can have CiB and BiA but CΠA ).

Another advantage of the model is that it goes well with the idea that distant alternatives (involving important changes in consumption) are more difficult to compare than nearer ones. The widening of the threshold as we move away from A illustrates this.

Figure 1 -The threshold of choice [START_REF] Georgescu-Roegen | Threshold in Choice and the Theory of Demand[END_REF] As a consequence of this axiomatics, Georgescu-Roegen discusses how to obtain a demand penumbra from this binary choice model, expressing the probability that the quantity demanded at some price should lie between x and x + dx. 23 Contrarily with the conclusions of the 1936 paper, he shows that the binary choice model-in its probabilistic setting-does not offer solid enough foundations for obtaining a demand penumbra, and consequently "the only way by which we can arrive at a behavioristic determination of the 'average' demand is to observe the quantities demanded, not the results of binary choices." (Georgescu-Roegen, 1958, 168).

Jacob Marschak: the search for a testable model of probabilistic choice

Jacob Marschak was no doubt one of the most active theoreticians of the 1950s in the field of rational choice theory. He came back again and again on the subject with different ways to interpret scientific issues and a genuine desire to provide a comprehensive view on the various theories available. 24 Notably, he devoted several articles (on his own or co-authored) dealing with alternative models of probabilistic choice. A specificity of Marschak-as compared with Georgescu-Roegen and Quandt-is that he is interested in confronting EUT and OUT (Marschak, 1955, 46). Also, Marschak was well aware of psychologists' work on choice and decision theories and he was particularly interested in devising testable models of choice [START_REF] Davidson | Experimental Tests of a Stochastic Decision Theory[END_REF]. Last, Marshak is among the few economists who would argue in favor of interpreting rational choice theory as having a prescriptive dimension ("recommendations to be followed" (Marschak, 1950, 111)). 25 It is not our purpose to provide a complete idea of , 1987) and as a seminal 24 Marschak (1950; 1955; 1959), Block and Marschak (1960), [START_REF] Davidson | Experimental Tests of a Stochastic Decision Theory[END_REF]. 25 Marschak is much more assertive in 1955 : "It is important that at least people whose decisions involve the welfare of many others should fulfill certain norms of consistency, should know, for example, how 'to make up their minds'" (Marschak, 1955, 46) contribution (together with Luce, ) on the way to current modeling practices [START_REF] Mcfadden | Economic Choices[END_REF].

In the present article, I shall deal essentially with the first type of problem, the one that is the most in accordance with the problem-situation identified by Georgescu-Roegen and Quandt among others as to the need to make the theory of choice more plausible in terms of psychological foundations and more amenable to empirical testing.

My presentation will be backed on [START_REF] Marschak | Norms and Habits of Decision Making Under Certainty[END_REF] and [START_REF] Davidson | Experimental Tests of a Stochastic Decision Theory[END_REF], with occasional references to Marschak (1959) Block andMarschak (1960). 26 Marschak's model to study habits of behavior is consistently oriented toward constructing a theory of choice with testable implications. This does not mean that any other set of hypotheses shall be dismissed from the outset, but rather that the theoreticians might strive to make a clear distinction between theoretical constructs that are amenable to some type of experimental evidence (from observable choice or verbal statements) and those that are not (or only in an indirect way).

In order to compare a normative theory of behavior with actual observable choices, it is desirable to formulate the model in such a way that comparisons with choices in a laboratory might be possible (and not only comparisons with verbal statements).

For this very purpose, probabilistic concepts of choice must be connected with their operational content. Given a set of n alternatives, the first choice a 1 is always observable, whereas subsequent rankings can be known only through verbal statements of the kind "If a 1 were not in the alternatives, I would choose a 2 ". [START_REF] Marschak | Norms and Habits of Decision Making Under Certainty[END_REF] does not insist so much on the testability of the conditions put on probabilities, even though it deals with a model of binary choices. A special hypothesis of the model, which comes from the operational constraints imposed to it, is that since subjects might be forced to make a decision, indifference and incomparability between two alternatives are excluded from the theoretical setting, at least in a determinate way. Indifference does exist only as a probabilistic statement. Later, Davidson and Marschak underlined different attitudes toward the common experiment of inconsistencies in individual choices.

"One may interpret every case of inconsistency as a case of indifference … . In empirical application, this approach would probably make indifference all-

pervasive. An alternative approach is to define preference and indifference in terms of probability of choice. In this approach probabilities of choice do not enter the formal axiomatic development. … [Still another ] strategy, explored in this paper, incorporates probabilities of choice into the axiomatic structures and exploits their properties in scaling utilities" (Davidson and Marschak, 1959, 234) So, while the first alternative corresponds to Georgescu-Roegen's analysis, Marschak privileges an axiomatic approach that may possibly deliver utility properties from choices.

For instance, [START_REF] Davidson | Experimental Tests of a Stochastic Decision Theory[END_REF] would point later that:

"An important aspect of a general stochastic theory of choice lies in the fact that … it is possible to obtain forms of measurement stronger than a mere ordering by imposing plausible conditions on probabilities of choice." (Davidson and Marschak, 1959, 236) Let us first define a system of norms on decision. A person is said to behave consistently if she obeys to two norms.

1) If x is chosen rather than y, out of a set of larger alternatives, the person shall never choose y rather than x when facing any other set of alternatives.

2) If out of a set comprising x and y, x is chosen and if out of a set comprising y and z, y is chosen, then out of a set comprising x and z, z shall not be chosen.

Decision norms 1) and 2) are implied by four properties: Comparability of outcomes, irrelevance of additional alternatives, constancy of the ordering relation over time, transitivity. 27 The decision norms 1) and 2) imply that:

i) From successive choices among a finite set of alternatives, by sequentially removing the last chosen alternative in the set, it is possible to obtain a strong ranking of all the alternatives.

ii) From any subset of the original set of alternatives, the same ranking will prevail.

Precisely, Marschak's purpose in a series of articles is to confront decision norms 1)

and 2) with empirical decision habits, understood as random variations of behavior around the decision norm, "satisfying certain probability distribution that can be estimated from observations" (Marschak, 1955, 48). 28 The main results obtained can be summarized as follows.

Firstly, it is possible to construct a series of conditions on the probability distributions that will be more or less directly testable and that appear at first sight more or less unrealistic. To each of these conditions, it is possible to attach a specific property on the agent's preferences and, possibly, to identify the properties of the utility function representing those preferences.

From a set of n alternatives, it is possible to obtain n! rankings. The basic model, M, tells us that it is possible to identify for each ranking r i (i = 1,...n!) a probability that a given subject adopt this ranking, p i = p(r i )

.

A stronger model of choice adds to M the condition M1 to the effect that i) there is only one maximum for p i (i = 1,....n!) , noted p m and ii) p i decreases as the number of reversals to obtain r i from r m increases.

A third possible condition M2 to be attributed to agents' behavior (on the p i s) is a property of transitivity in a probabilistic sense. Denote p xy the probability that alternative x is ranked before y in any possible ranking (by definition, then, p xy = 1p yx ). The transitivity condition M2 says: for any x, y, z, if p xy ≥ 1 Still other conditions might be imposed on the probabilities p ij of ranking the alternatives. For instance, that the probability to rank x before y is the same whatever the number of additional alternatives (M4) or less strongly, that p xy (x, y) ≥ 1 2 when and only when p xy (x, y, z) ≥ 1 2 (M3).

Conditions M1-M4 are conditions on random choices. Other possible conditions studied by Marschak are on preference orderings on the different rankings, leading to random utility functions. 29 Conditions M1-M4 constitute a system of possible constraints on the probabilities, from which it is possible to infer some properties of the preference system underlying the choices of an individual and possibly on the kind of random utility indicators likely to represent these preferences (Block and Marschak, 1960).

A few comments are in order about Marschak's approach.

Firstly, aside from the formulation of a probabilistic theory of choice, the most important point is to distinguish those conditions on the probabilities of choice that are directly testable from those that are not, and to draw from this an idea from how much a theory is likely to be supported or not by a class of observations. 30 On this occasion, one can see that the introduction of verbal statements by the subject about the relative intensities of his preferences might enter into the set of testable conditions, but shall not be given the same status as an observed choice. Whatever the strength of the testable conditions that the theoretician chooses to accept, the main result of Marschak is that it will not be possible to disentangle two different causes of apparently random behavior: A subject might select sometimes a and some other times b when confronted with the set (a,b) either because he does not know all 29 The idea, pioneered by [START_REF] Thurstone | A law of comparative judgment[END_REF] is that to each stimulus x one can ascribe a basic random variable u(x) formalizing all the neural attributes of the stimulus. Each subject is supposed to have some discrimination abilities, expressed by discrimination probabilities, leading to the equation:

p xy =H[u(x)-u(y)]
. Various discussion about the forms of the functions H(.) and u(.) were addressed in the 1970's. It also led to various extensions, notably Luce's logistic model (see Luce (1959c)) (see Falmagne (2002, chap.5), [START_REF] Palma | Les modèles de choix discrets[END_REF]Thisse (1987), McFadden (2001)). 30 For instance, binary choices are more easily observable than more complex rankings. Also, the size of the set of alternatives shall not be too large, since some conditions imply a complete simultaneous observation of probabilities on all possible binary choices.

the relevant characteristics of both alternatives in order to make a complete comparison or because both alternatives appear as equally desirable. It might be important to disentangle both causes of behavior if the probabilistic model of choice is to serve as a predictive device (especially when the amount of information is likely to change through repeated choices). The above remark echoes in many respects Georgescu-Roegen's discussion of the threshold model. Thus, the conditions on p(.) are very sensitive for the main outcome of the probabilistic choice. 31 Strong transitivity implies the existence of an ordinal scale of utility whereas the quadruple condition is a necessary but not sufficient condition 31 Notably, Davidson, Suppes and Siegel (1957, 31) have defined a stochastically continuous set of alternatives. [START_REF] Davidson | Experimental Tests of a Stochastic Decision Theory[END_REF] have shown that, stochastic continuity is equivalent to the quadruple condition. Nevertheless, one may wonder whether stochastic continuity is more plausible that the quadruple condition since it assumes condition ii) If p jk > p hi > 1 2 then ∃ g / p jg > 1 2 and p gk ≥ p ij . See also [START_REF] Debreu | Stochastic Choice and Cardinal utility[END_REF].

for a linear scale of utility. It is to be noted that strong transitivity does not imply a four-stimulus comparison, whereas the quadruple condition does. 32In order to provide a test on the existence of a linear utility function, [START_REF] Davidson | Experimental Tests of a Stochastic Decision Theory[END_REF] consider all couples (i,j) such that p ij ≥ 1 2 , and they searchamong all possible orderings such that u(i)u( j) ≥ u(k)u(l) ≥ ... ≥ u(m)u(n) ([n(n-1)/2]! for the case of n alternatives in a given subset)-those for which p ij ≥ p kl ≥ ...p mn . Then, if there is a subset T on which one necessary and sufficient condition is satisfied, "we then consider confirmation of the existence of a utility function on T as inductive evidence for the existence of a utility function" (Davidson and Marschak, 1959, 240) on a larger subset. Thus, the process of approaching a condition on probabilities for a linear utility function supposes to generalize an empirical property on probabilities from a subset to the whole set of alternatives.

From an experimental or empirical perspective, this method is certainly not very attractive, especially if there is a wide variation in the number of alternatives unless one finds a way to combine some tentative statements on utility with surveys on consumers' choices. This may well have been a long run purpose of Marschak: "Suppose, however, that, in addition to the consumer's survey data, laboratory data are available that imply that choices being made by people of a given socioeconomic group obey certain constraints. The knowledge of these constraints might provide help in further restricting the set of eligible utility indicators" (Marschak, 1959, 313) Thus, in many respects, Marschak's work on probabilistic choice aims at finding conditions on probabilistic behavior and to infer from them the implications of such models for utility analysis.

Quandt's model of probabilistic consumer

The third and last model of probabilistic choice to be commented in the present study is Quandt's model that was published in 1956 in the Quarterly Journal of Economics. It stands as a rather personal endeavor to provide a model of choice that is based mainly on the idea that the consumer's probabilistic behavior may arise from its need to acquire information. Though Georgescu-Roegen ( 1936) is undoubtedly the main source of inspiration for Quandt's own venture into probabilistic choice, it is in many respects an original contribution. Compared with Georgescu-Roegen and Marschak's models, it is less involved in an axiomatic reformulation of the theory, nor is it concerned with an experimental testing of individual's rationality. On the contrary, Quandt's "theory" is akin to a modeling of choice, i.e. to the presentation of a model that might be implemented for studying the consumer behavior in face of some specific goods. In this respect, the most striking feature of Quandt's model is to arrive at a classification of goods (and of consumers' strategies attached to it) leading to specific qualitative implications for demand behavior. 33 This specificity of the model will deserve some comments at the end of the section. Even though Quandt asserts that a number of considerations about consumers' ignorance of their own preferences "make it necessary to revise 33 See also Georgescu-Roegen (1936, 587) the theory of preferences and consumer's choice" (Quandt, 1956, 509-10) he arrives at the conclusion that the model "does not replace the traditional theory of the consumer but rather completes it with respect to one of its shortcomings." (Quandt, 1956, 536) My claim is that Quandt's model is based on a sophisticated criticism of the rationality assumption in economics. Firstly, Quandt questions the axiom of transitivity but also the axiom of comparability goods in the theory of choice.

Secondly, he brings to the fore the idea that any choice, even a simple one, is of a strategic nature. From the outset Quandt considers that the consumer is adapting strategically his behavior in front of the situation of choice and the kind of alternatives he can offer. In this respect, Quandt's other source of inspiration is certainly [START_REF] Simon | A Behavioral Model of Rational Choice[END_REF], and the modeling of choice can be read as a bounded rationality model of choice. 34 Actually, the consumer very often has not experimented with the goods, and he does not even know the method "of finding a set of strategies which will maximize his chances of attaining his goals" (Quandt, 1956, 508). In general, the consumer will not be able to ordering his preferences on the different prospects, either in the small or in the large, and besides he will seldom have an "easily manageable criterion for selecting his optimum strategy", so much so that choice takes place in a context of uncertainty (Quandt, 1956, 509). In order to cope with ignorance, the consumer will adapt his strategic behavior to the kind of 34 "The assumption of knowledge and of comparability of alternatives is widespread in economics. The assumption of knowledge is composed of two distinct assumptions. First, it is assumed that the consumer knows the available alternatives. Secondly, it is assumed that he is familiar with the methods of finding a set of strategies which will maximize his chances of attaining his goals." (Quandt, 1956, 508) information he can gather on those goods. Consequently, Quandt's model deal with a classification of goods according to the level of ignorance and the cost of acquiring information about them. Occasionally, this can lead to conscious randomization of demand behavior: "Of course, the consumer will hardly be in a state of ignorance with respect to all commodities. The average amount of ignorance concerning a particular commodity depends on the nature of the commodity itself and on the extent to which the consumer can experiment with substitutes and thus acquire information, perhaps through conscious randomization of strategies." (Quandt, 1956, 509) Thus, the main rationale for implementing a probabilistic model of choice is the fact of ignorance, to which the consumer is likely to react through some kind of randomization of choice adapted to the kind of goods that are the objects of choice.

As in the case of a mixed strategy in a gaming situation, the consumer will not always make the same choice between A and B over a period of time. This behavior is only contradictory in the surface and can be satisfactorily explained as a strategy for reducing ignorance. Quandt convincingly shows that the recourse to the "subterfuge" that tastes have changed is a flaw of the pure theory. If ever the theory of choice is supposed to help predicting the behavior of an individual over a significant time period, the theory will be stronger if formulated in a probabilistic guise. On this point, one can see an important difference with Georgescu-Roegen.

Quandt is searching for a stable concept of tastes, discarding the apparent changes of tastes and the supposed inability of the consumer to express them in a coherent fashion. He also discards the usual concept of indifference curves but remains attached to modeling a static theory of consumer's behavior.

In order to account for the consumer's strategic behavior in face of his own ignorance, Quandt proposes to attack the problem through the idea that commodities are in fact representing a set of characteristics. This idea, that would be made popular with Lancaster's new approach to the consumer [START_REF] Lancaster | A New Approach to Consumer Theory[END_REF], is at the core of Quandt's construction of a probabilistic model of choice:

"Each commodity can be regarded as a collection of what we may call primitive characteristics. Such primitive (or nondecomposable) characteristics are size, weight, color, quantity, suitability for a specific task, etc. It has been stated before that, in general, there is no complete ordering among commodities in the traditional sense. If there is any complete ordering at all, it is, at best, among primitive characteristics. We shall make the weak assumption that there exists a complete ordering among primitive characteristics." (Quandt, 1956, 512) From earlier studies of intransitive behavior, the reader can easily understand that this assumption will prove crucial for a theory of preferences in which intransitivity may occur. Any particular commodity A is "described and defined" by a set of "primitive characteristics" (a 1 , a 2 ,...a n ) (they might be qualitative or quantitative). Consumer's choice then derives from the application of a utility function to some or all of the characteristics. Each characteristic is liable to contribute in the utility derived from consumption, and Quandt asserts that i) the consumer knows how each characteristic affects the utility he derives from consuming a certain good, and ii) how much each characteristic is contributing to the total utility. The utility function has the following properties: 1) U is continuous 2) U(a j ) = 0, a j ≠ 0 means that characteristic a j is an irrelevant characteristic 3) U(a j + Δa j ) ≥ U(a j ) 4) Any monotonic transformation of U(.) is a utility function.

5) The utility index for commodity A at a particular time is a weighted sum of the U(.) over the set of essential 'primitive' characteristics (for instance, r among n) that are always taken into account and of a compound characteristic (taken from the set of 'non-essential' characteristics n-r). Otherwise stated, certain characteristics are less important and are taken into account only occasionally. Total utility then is given by:

w i U(a i ) + w j U(a j ) i =1 r ∑
The main consequence is that preferences between A and B may change while tastes are the same: "All one can really say is that at the time of choice the consumer preferred A to B.

Since the consumer may base his evaluation of commodities on more or less different sets of characteristics as time passes and external circumstances change, his preference between A and B may change without any change in underlying tastes" (Quandt, 1956, 513). Thus, when choosing between A and B the consumer will select a specific list of characteristics for A and B that he considers relevant in given circumstances. When utility attributed to A is larger than utility attributed to B, A is chosen. Thus, in different circumstances, it can be that B is chosen over A. The circumstances affecting choice are supposed to be randomly distributed, so that the following definition of preferences follows: "A is preferred to B if, in the long run, A is chosen over B more than 50 per cent of the time, i.e., if A's utility index exceeds B's utility index in more than half the cases in which the consumer has to choose between them;" (Quandt, 1956, 515) Quandt's model can deal with two different situations. If there is an incomplete scanning of characteristics, choice will be based upon the achievement of a certain level of aspiration, as described by [START_REF] Simon | A Behavioral Model of Rational Choice[END_REF]. On the contrary, if all characteristics are accounted for, the behavior may be subject to errors. In either case, the consumer's behavior can be described through a probabilistic model. Notably, Quandt argues that the degree of randomization in the consumer behavior will depend upon the kind of goods under consideration. In the case of durables the consumer gathers a great deal of information before choosing. In the case of daily necessities (representing a small portion of the budget), "experimentation with various brands has virtually no cost and the consumer will soon obtain all the information he needs. … He experiments and perhaps behaves randomly for a while until learning has taken place" (Quandt, 1956, 518). This behavior may just be subsumed by an even more simple behavior when the cost of acquiring information is not worth the benefit, leading to impulsive buying (or equivalently to the "top shelve effect" described by [START_REF] Duesenberry | Income, Employment and Public Policy, in Honor of Alvin Hansen. Edwards, Ward[END_REF]. 35The new definition of preference implied by the model makes intransitivity a possible outcome. Quandt's constructs an example with three goods, the utility of each being evaluated through the contribution of a set of characteristics. A joint probability distribution F(A,B) of pairs of sets of characteristics is constructed, on the assumption that no two sets of characteristics are independently distributed.

Then the preference relation APB holds if ∫ U(A)≥U(B) dF(A,B)>1/2 (identically for AB and AC). 36He then constructs different scenarios about the role of each characteristic (reflecting different kinds of external circumstances affecting the relative importance of each characteristics for the consumer), so that intransitivity is likely to occur (Quandt, 1956, Table II, 521). 37The main questions are then about the robustness and usefulness of this model.

Firstly, if the circumstances of choice are such that the consumer can get acquainted with the goods through learning (i.e. choosing the best strategy) then one may wonder if the model does not vanish into the traditional static model of choice. The answer is negative, so long as the context of choice is open to a continuous change of the environment (e.g. introduction of new substitutes or of new advertising). So, the argument runs, even in the long run, behavior will "continue to be probabilistic and [the consumer's] preferences may be intransitive even in the long run" (Quandt, 1956, 525).

Secondly, the model allows replacing the traditional indifference curves with isoprobability of choice curves (the same as in [START_REF] Marschak | Norms and Habits of Decision Making Under Certainty[END_REF]). And the demand curve is now an "expected demand curve" (Quandt, 1956, 532). In this respect, Quandt is the only one who pushes the development of the model so far in the theory of demand.

Thirdly, the probabilistic model carries some qualitative properties not shared by traditional demand theory. Indeed, as long as a learning process is possible, the demand curve becomes steeper and more inelastic: "This is contrary to the customary hypothesis that in the long run the demand curve tends to become more elastic." (Quandt, 1956, 534). In the traditional analysis, the consumers learn about substitutes, whereas in this analysis, commodities tend to become necessities.

Concluding comments

The main intuition behind the present study is that the search for a probabilistic theory of choice could not be just a simple transformation from a deterministic model to a stochastic model, since it was motivated from the outset by deep theoretical interests for removing some unsatisfying (static) aspects of the Hicks-Allen theory and, possibly, by grounding the model on testable conditions. Georgescu-Roegen's article of 1936 opened to a period of questioning of the theory of choice that would become more intense after the development of von Neumann and Morgenstern's theory, so much so that the traditional theory had to do its way between different alternative directions of research. This would lead different scholars to criticize the common representation of choice as a static system of indifference curves, opening the way to different models of probabilistic choice.

Georgescu-Roegen, Marschak and Quandt offer three types of answer to this situation, each of them showing a different attitude towards the role and centrality of the model of choice and its place within the theoretical system of economics.

Marschak brings to the fore the search for some unifying theory of choice, in which decision theory and the Paretian theory of choice can be dealt with in a homogeneous setting. In doing this, he does not question the semantics of preferences. Whatever the reasons for assuming a stochastic behavior, the main stakes are to identify the properties of such a model when one assumes that individual behavior abides by some regularity in terms of probabilistic choice.

Marschak's models of random choices and random utilities are conceived of as a general theory of choice between sure prospects. The models are likely to be applied to a wide class of situations. They are also a special case of a wider theory of choice between unsure prospects. In this respect, Marschak's has maintained throughout the idea that imposing some structure on the probabilities of choice will clarify the formal relationships between the expected utility theory and the theory of choice between sure prospects.

Georgescu-Roegen's main motivation is linked with the instrumental role of the theory of choice for a theory of economic equilibrium. Within a static world, the concepts of preference and indifference are useless, because the conditions for economic equilibrium are given and inalterable. They make sense only in a dynamic world, one in which the economist must be able to account for changes in tastes and preferences through time. The Paretian theory of choice is based on an atemporal conception of preferences. Once one wants to consider that preferences can change and are constantly bound to adapt the flow of innovations and economic transformations, one has to reconsider the concept under some time constraints, thus opening to a change in our understanding and representation of rational behavior, notably about transitivity. In this respect, Georgescu-Roegen's approach can be understood as a new foundation for the theory of choice, even as a new axiomatics of choice.

Quandt's model can be conceived as the result of a deep critic of the Paretian theory of preference, but also of decision theory. For all that, it is not motivated by a search for a new foundation for the theory of choice, since it does not question the use of the model for static economics. Nevertheless, Quandt goes beyond Marschak and Georgescu-Roegen in his search for a unified theory of rational behavior that would systematically rely on a strategic conception of behavior, as a way for human beings to deal with uncertainty about the contingencies of nature. Consequently, the best suited model is likely to change according to the characteristics of uncertainty and the cost of acquiring information for consumers, thus opening potentially a portfolio of models of consumption, depending on the durability and informational characteristics of the goods.

  theory. On the other hand, there is the external interest for taking account of the contributions of experimental psychology or simply to introduce principles of folk psychology, thus leading potentially to a collection of models of choice adapted to different behavioral hypotheses affecting individual choice.The first section (1. Challenging OUT from inside) deals with the context of the theory of choice in the 1940s and 1950s. The aim of this section is to focus on the elements of criticism that point out the internal weaknesses of the theory regarding preferences, indifference, uncertainty, utility measurement.

  .a n ) and B(b 1 ,b 2 ,…b n ) is either A or B, i.e. the consumer can always choose, and (1)

Axiom GR4 :

 GR4 If A ≤ B then p(A,C) ≤ p(B,C) , the equality sign holding only if p(A,C) = 1 or p(B,C) = 0 . This axiom introduces the principle of a sensorial threshold. This axiom means that if B is greater than A it has a stochastic advantage of being chosen more often than A in any confrontation with any other bundle C: 22 21

  fact, Georgescu-Roegen presents this axiom as a generalization of the Principle of Persisting Non-Preference, stating that if p(C, B) such that C is between A and B. From the set of axioms, the main theorems of interest to us are: Theorem GR1: It is possible to construct equivalence classes on the basis of the relation of complete indifference I (from theorems 1,2,3 and 4 in Georgescu-Roegen, 1958, 161-162) Theorem GR2: It is possible to represent the set of indifference classes through a numerical ordering (Georgescu

  Marschak's contributions to probabilistic theory of choice. Roughly, in the field of riskless choice, Marschak identified two adjacent issues. On the one hand, one may wonder under what conditions, i.e., under what set of hypotheses on the properties of the probability to choose an alternative among a set of alternatives, probabilistic choice would be representable through a determinate utility function. On the other hand, one may want to weaken the non-probabilistic theory of choice just by "making the ('ordinal') utility function" (Block and Marschak, 1960, 106) a random one. Indeed, Block and Marschak's contribution is usually regarded as the starting point for two ways of modeling probabilistic choice (De Palma and Thisse

  indifference is defined by p xy = p yx = 1 2 . The transitivity condition is limiting the possible distribution of rankings among alternatives.

  

  Secondly, while discussing testable (necessary but not sufficient) conditions for the existence of a constant utility of the type v(.), that is a function of the Fechnerian type, Marschak discusses two conditions on probabilities: Strong transitivity and the Quadruple condition. This is of some importance to appraise Marschak's research agenda, notably as regards the likely comparison between expected utility theory and the probabilistic version of the theory of choice.

	Strong transitivity condition: if p ij ≥ 1 2 and p jk ≥ 1 2 , then p ik ≥ 1 2
	Quadruple condition: if p hi ≥ p jk then p hj ≥ p ik

[START_REF] Friedman | The Marshallian Demand Curve[END_REF] would follow this line in his interpretation of the Marshallian demand curve.

The present research being a first step in a little known episode of the theory of choice, it is not based on archival material and instead aims at presenting three different ways to implement a probabilistic interpretation of the consumer's behavior, trying to relate them with the background of discontent with OUT after WWII. Certainly, this first study should be a starting point for more specific inquiries into Georgescu-Roegen's and Marschak's archives.

Actually, the outcome of the Samuelson endeavor was that the use of the indifference-curve approach was eventually warranted as a theoretical construct, but not as an empirical construct(Lenfant, 2012a).

In a similar vein, Wold pointed out that the independence axiom shall not be acceptable in a repeated choice among uncertain outcomes(Wold, 1952, 663) 

Papandreou's experiments consisted in choosing one activity in a binary choice situation (with two activities). More than 80 percent of the answers were in

The axiom also implies that there is no saturation (for any good in the commodity space) and the agent get's the bare necessities in any good.

This leads to discusing how to obtain information on multiple choice from binary choices.

Block and Marschak (1960) contains most of the content of[START_REF] Marschak | Binary-Choice Constraints and Random Utility Indicators[END_REF].

Irrelevance of additional (contextual might be better) alternatives means that whether x is or is not worse than y is independent of whether z (or any other) belongs to the set of alternatives. Transitivity means that if x is not worse than y, and y not worse than z, then x is not worse than z.

This does not prevent from identifying and theorizing the possible implications of observations errors on the part of the experimenter and other variations in the decisional context that might affect the subject's behavior.

A weaker transitivity condition is studied by[START_REF] Georgescu-Roegen | Threshold in Choice and the Theory of Demand[END_REF] andChipman (1960) 

This phrasing comes from the fact that in supermarkets, when people are in state of ignorance or hesitation regarding two or more similar products, they buy brands located on the top shelves rather than on bottom shelves.

"A is preferred to B (in the present sense of the word "preferred") if the sum of the probabilities of considering pairs of characteristics for which the A characteristic has higher utility is greater than .5"(Quandt, 1956, 522) 

In the first example, there is a hypothesis of absence of independence, meaning that the characteristics considered as significant for evaluating one commodity will impact the relevant characteristics for the other commodity. In another example, Quandt removes this assumption, and constructs a hypothetical joint probability distribution in the case when there is independency, such that intransitivity holds again(Quandt, 1956, Table III, 522). It is to be noted that in this case, the pattern of probability can exhibit the cases enhanced either by Georgescu-Roegen (that the consumer takes account of all relevant characteristics) or Simon's idea that only some characteristics are taken into account.

Arrow, Kenneth J. (1951a) "Alternative Approaches to the Theory of Choice in Risk-taking Situations", Econometrica, 19(4), (October), 404-37. Arrow, Kenneth J. (1951b)